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Change of scan speed and beam power [1]
[1] P. Priya, B. Mercer, S. Huang, M. Aboukhatwa, L. Yuan and S. Chaudhuri, Materials & Design 196, 109117 (2020).
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Kinetic Monte Carlo (KMC) Potts model
•
•
•

Statistical-mechanics model
Continuum model is discretized into lattice sites
Allotting an index to each lattice site

•
•

Similar indices go to same grain
Interface of different indices create grain boundary
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Characteristics of the simulation method
•

Heat source is not modeled directly.

•

Its effect is imposed on the melt pool and a high-temperature
Heat Affected Zone (HAZ) with steep thermal gradient.

•

Melt pool and HAZ remain constant during the simulation.

•

Two coincident ellipsoids.

•

Independent length along the scan direction.

Melt pool and HAZ
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Tools and visualization
•

SPPARKS open-source Monte Carlo suite [1]

•

Images from different angles in every instance of the
simulation

•

ImageJ for image post processing

Top view microstructure

Grain evolution during simulation

Melt pool and HAZ mobility

[1] C. Garcia Cardona, E. B. Webb, III, G. J. Wagner, V. Tikare, E. A. Holm, S. J. Plimpton, A. P. Thompson, A. Slepoy, X. W. Zhou, C. C.
Battaile and M. E. Chandross, Report No. SAND2009-6226, 966942, 2009.
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Calibration of simulation parameters
•

Rodgers et al. (2017) [1]

•

304L stainless steel

•

Bi-directional scanning
Geometry and dimensions of the model

Experimental and simulation process parameters

Parameter
Scan speed
Spot size
Layer height
Hatch spacing
Scan direction

Experiment
10.58 mm/s
4 mm
1.25 mm
2 mm
bi-directional

Simulation
10 lattice sites/MCS
52 × 70 × 80 (W × L × D) lattice sites
85 lattice sites
50 lattice sites
bi-directional

[1] T. M. Rodgers, J. D. Madison and V. Tikare, Computational Materials Science 135, 78-89 (2017).
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Comparison of simulation and experimental results

Simulation

XY Plane

XY Plane

YZ Plane
XZ Plane

Grain morphology and distribution in experiment [1]

[1] T. M. Rodgers, J. D. Madison and V. Tikare, Computational Materials Science 135, 78-89 (2017).

Grain morphology and distribution in simulation
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Parametric study: scan speed (v)
•

The effect of scan speed on grain morphology
and average and maximum grain size

Final grain morphology with different scan speeds
Average and maximum grain sizes
resulted from different scan speeds

Sp=2

[1] K. Zhang, S. Wang, W. Liu and X. Shang, Materials & Design 55, 104-119 (2014).

Sp=4

Sp=6

Sp=8

Experimental results of final grain morphology
with different scan speeds [1]
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Parametric study: layer thickness (t)
•

The effect of layer thickness on grain morphology and average and maximum grain size

Average and maximum grain sizes
resulted from different layer thicknesses

Final grain morphology with different layer thicknesses
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Conclusions
➢ Finer and equiaxed grains formed at the centerline of the melt
pool, and elongated grains observed around fine grains with a
tendency toward the direction of the laser travel.
➢ Higher scan speeds resulted in significantly larger fraction of
fine grains which indicates better yield and tensile strength
based on the experimental results [1].
➢ At very small layer thicknesses, fine grains did not evolve

completely, due to more heat input from melt pool in
successive layers.

[1] K. Zhang, S. Wang, W. Liu and X. Shang, Materials & Design 55, 104-119 (2014).
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Limitations and future works
• Limitations
o

No direct coupling of thermal and microstructural models.

o

Constant melt pool and HAZ

• Future works
o

Dynamic melt pool modeling

o

Relation between process parameters and mechanical
properties.
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